ivers and their fl oodplains are very dynamic components of the landscape. Th ey are infl uenced both by natural fl uvial processes, such as sediment erosion, transportation, and accumulation, and by human activities. Th e latter may include land use changes, such as urbanization, or the direct modifi cation of a channel. Nowadays, many rivers have been modifi ed by anthropogenic actions. Th e most common R Hana Skokanova 83 modifi cations include weir and dam building, channel straightening and embankment, channel enlargement, and the removal of riparian vegetation. Th e main purposes of these works are fl ood control, drainage improvement, ensuring navigability, and preventing erosion.
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Depending on the type of engineering works, their impact is refl ected in changes in fl ow velocity, transport capacity, channel gradient and other aspects of channel morphology, and sediment load. Direct infl uences on a channel's fl oodplain include the modifi cation, formation, or destruction of oxbows and pools, changes in the groundwater table, changes in soil moisture, and, consequently, the changing of habitats. Th e indirect eff ects of river engineering works are observable in the relationship between these works and the land use of the fl oodplain.
Th e lower reaches of the rivers that fl ow through alluvial sediments often follow a meandering or anastomosing channel pattern. Various types of evidence and measurements can be used to analyse channel changes. Frequently, and especially in the lower reaches of a river, the rate of change is too slow or the period of assessment of instability too short to allow direct measurement, so the use of fi eld or documentary evidence is needed. Historical sources provide readily accessible sources on an appropriate timescale to detect changes, fl uctuations, and trends. Th e most widely used sources to study river modifi cations over time are old maps and aerial photographs. Such data, however, have several shortcomings, the main one being that they only provide snapshots, 2 i.e., the documentary evidence is not continuous. It is also often not clear what exact state of the channel is displayed on a map or photograph.
Th e impact of river engineering works on a river channel and its fl oodplain has been researched, for example, by Erskine et al. (1992) , Th e aim of the present study is to investigate changes in the channel morphology and land use of the lower part of the Dyje River fl oodplain as a result of river engineering works. I divided the whole study area into fi ve sections, calculated morphometric characteristics -such as the total length of the Dyje, total river network density, total water body density, and sinuosity -, and investigated the infl uence of the river engineering works on land use.
Delimitation of the study area
Th e study area, which encompasses the lower course of the Dyje River, is situated in South Moravia, in the Czech Republic. Th e Dyje River fl ows around the Dunajovické vrchy hills, the Pavlovské vrchy hills, and the Valtická pahorkatina upland, where it forms a vast fl oodplain ranging in width from 2 to 5 km.
Th e fl oodplain is formed of Neogene sediments covered by Quaternary fl uvial sediments. Th ese sediments consist of fl uvial gravel and sand that began to deposit during Würm. Th eir upper layers shifted a number of times, in some spots as late as the upper Holocene. Th e sediments in the area of the confl uence of the Dyje and Morava rivers attain thicknesses up to 30 m. 4 During the Holocene, fl ood loams began to accumulate. Th is phenomenon probably started in the 7th century as a consequence of colonisation of the upper Dyje basin. Th e speed of the sedimentation of these fl ood loams increased from the 11th century onward as a result of the massive deforestation of the upper Dyje basin. 5 Th ese fl ood loams range in thickness between 1 and 5.5 m, with most falling within the 2-3 m range. The floodplain has an inclination of approximately 1.55‰ and a gently undulating surface. Along it one finds numerous oxbows, wet depressions, Aeolian mounds (i.e., remnants of low river terraces), and gravel accumulations. The floodplain is bordered by river terraces that are preserved on both sides of the Dyje to varying degrees. These terraces are found up to a relative elevation of 50 m above the river. Demek and Macka 7 distinguish five river terraces at relative elevations of 40, 30, 20, 9-13, and 3-5 m in the western and northern part of the study area. According to Švanda, remnants of low terraces are still to be seen in the eastern Dyje floodplain. 8 The left side of the floodplain is bordered by a low terrace that lies at a relative elevation of 0-3 m above the Dyje. A more complicated system of terraces is observable on the right side of the Dyje floodplain. However, these terraces do not form a distinctive pattern in the terrain morphology. The lower ones extend over narrow strips at the border of the floodplain. Broader terraces occur at medium elevations (ca. 13 m above the floodplain surface), whereas terraces at relative elevations of 30 and 40 m are narrower.
The present study focuses on the lower course of the Dyje River; more precisely, the last 85.5 km of its course. The average annual discharge of the Dyje is 41.7 m 3 /s. Its average annual water level is approximately 70 cm. The variability of its daily flow is comparatively low. Higher water levels are mainly reached during winter floods caused by snow or rain, with a secondary peak in April. Floods are less frequent from July to October. The lowest flow rates are usually recorded from August to October. 9 The study area lies within a warm dry region with an average annual temperature of 9.8°C and an average annual precipitation of 483 mm. Fluvisols, especially their gleyic subtype, are the most common soils in the fl oodplain. Dystric gleysols can be found mainly in the southern part of the study area, especially at the Dyje and Morava confl uence. Chernozem is typical of the western part of the area, fl uvi-gelyic phaeozem of its eastern part.
According to the Natura 2000 classifi cation, 10 the area's most common vegetation is mixed ash-alder alluvial forests, typical for temperate and boreal Europe (Alno-Padion, Alnion incanae, and Salicion albae), and mixed riparian forests of Quercus robur, Ulmus laevis, Ulmus minor, Fraxinus excelsior or Fraxinus angustifolia, normally found along large rivers in Atlantic and Middle-European regions. 
River engineering works
River engineering works were carried out along the Dyje to protect settlements and their immediate surroundings. As a result of deforestation of the upper stretch of the Dyje catchment area during the 17 th and especially the 18 th century, runoff conditions worsened and many floods occurred. Before major channel adjustments were carried out, floods where prevented by building levees.
The first major efforts to modify the Dyje channel were made between 1834 and 1855. During this period, the river channel between km 120.0 and 85.5 (outside the study area) was straightened and widened, and a series of levees were built along it. It is presumable that these works disturbed natural fluvial processes, and thus had an indirect impact on the study area.
Similar works were conducted in 1888-1902 along a stretch extending from km 85.5 and 64.0 (section 1 and part of section 2). In 1911, local modifications of the channel were carried out in Břeclav. In 1934-1936, further work was conducted between km 67.0 and 64.0.
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The deepest modifications of the channel and the floodplain, however, were the result of major river engineering works carried out between 1975 and 1988. During this period, a stretch running from Dolní Věstonice village down to the confluence of the Dyje and Mora-va rivers was modifi ed, and a large water body called Nové Mlýny, comprising three reservoirs, was built in the area between the village of Brod nad Dyjí, the confl uence of the Jihlava, Svratka and Dyje rivers, and the village of Nové Mlýny. Th e sections mainly aff ected by these works were nos. 2, 3, 4, and 5.
As a consequence of these works, the Dyje fl oodplain was cut off from its channel and fl ood inundations were drastically reduced. Th is led to minimal fl ow capacity into oxbows and pools, their subsequent silting up or drying up, increased eutrophication, water pollution, and the cutting off of the nutrient supply. Along with the pools, aquatic plants disappeared, e.g., water soldier (Stratiotes alloides), white waterlily (Nymphaea alba), yellow water-lily (Nuphar lutea), and fringed water-lily (Nymphoides peltata). In spring, the period of fl ooding of the surviving pools was frequently too short for amphibians to complete their development. 12 More than 3000 ha of the fl oodplain, including 1100 ha of forestland, were fl ooded to create the Nové Mlýny water body. Th is caused the destruction of unique biotopes of endangered plant and animal species. A ca. 50-100 cm decrease in the level of the underground water table was observed, and the high underground water level period was shortened. Th is decrease of gravitation water determined a signifi cant reduction of herb and shrub layers.
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Th e trees -especially of species requiring more water, such as poplar, willow, alder and ash -showed a thinning of their crowns and an incremental weakening of vital functions. In the drier periods there was premature yellowing of leaves and early leaf fall. revitalization of floodplain forests took two courses: the simulation of spring floods using water from the Nové Mlýny water body ("controlled flooding"), and the restoring of forest water channels and several oxbows and pools. 15 Other projects included the restoring of channel penetrability to allow fish migration (notably, fish passages were created near two weirs along the Dyje), reconnection of cut-off meanders and the Dyje River channel on the Czech side, and reconnection of floodplain forests by means of creating biocorridors on the northern and southern banks of the Nové Mlýny water body and across the middle reservoir. Of the project to reconnect floodplain forests around the Nové Mlýny water body, only the part concerning the middle reservoir was completed. It involved decreasing the reservoir water level by about 1 m and building two artificial islands from the sediments extracted from the bottoms of the reservoir. These islands were planted with 41 tree species belonging to the potential vegetation of the floodplain. In addition to this planting, spontaneous primary succession occurred. 16 The decrease in water level exposed some parts of the reservoir bottom, and spontaneous primary succession was observed here as well.
While river engineering works, especially from the second half of the 20 th century, had strongly negative effects on the natural components of the Dyje floodplain, socio-economic activities in the floodplain were influenced rather positively. Positive effects included less crop and property damage from floods, establishment of recreational areas around the upper and lower Nové Mlýny reservoirs, creation of a new source for agriculture irrigation, and improvement of health conditions thanks to the reduction in the numbers of mosquitoes. From the aesthetic point of view, the creation of the Nové Mlýny water body introduced artificial elements into the floodplain landscape and its impact was hence negative.
Methods
For my research on the Dyje channel and land use changes, I used the following maps and aerial photographs: maps from the 2 nd Austrian military survey (1827-1852) at a 1:28 800 scale for the fi rst period (when the Dyje was least impacted by river engineering works); maps from the 3 rd Austrian military survey (1876-1883) and their revised forms ) at a 1:25000 scale for the second and third period; Czechoslovak military topographic maps (1952-1955 and 1991-1992) at a 1:25000 scale for the fourth and fi fth period; and Czech topography base maps at a 1:10 000 scale and contemporary aerial photographs (2002) (2003) (2004) (2005) (2006) for the sixth period. 17 All the maps were scanned, georeferenced, and vectorized in the ArcView program, version 9.2.
I calculated morphometric characteristics both for the study area as a whole and for individual sections. Th ese characteristics include total river length, total river network density, total water body density (the number of water bodies per km 2 ), and sinuosity (Tables  1-6 ). I also calculated land use changes for both the whole study area and individual sections (Tables 7-12) , distinguishing the following categories: arable land, permanent grassland, orchard, forest, water area, built-up area, and recreational area.
Sinuosity (S) expresses the ratio of channel length to straight-line valley length.
18 I used the following scale, which expresses channel pattern, to assess the sinuosity of individual sections of the Dyje: absolutely straight -S = 1.0; straight -S = 1.01 -1.05; slightly sinuous -S = 1.06 -1.25; moderately sinuous -S = 1.26 -1.50; and meandering -S > 1.50. Table1 Morphometric characteristics of the whole study area Table 2 Morphometric characteristics of section 1 Table 3 Morphometric characteristics of section 2   Table 4 Morphometric characteristics of section 3 Table 7 Land use changes in the whole study area Table 8 Land Results Th e Dyje river engineering works were fi rst initiated along Section 1 (Fig 2) at the turn of the 19 th century. In the maps from the 2 nd and 3 rd Austrian military survey, the Dyje still meanders and some of its reaches show a nearly anastomosing pattern (notably the middle stretch of the section). Cut-off s, oxbows and pools occur in the middle and northern stretches of the section. Th e engineering works resulted in the creation of many cut-off s and oxbows, which, however, are no longer extant. Th ey lay along the left bank of the southern stretch of the section, and both banks of the middle and northern stretches. Th e only preserved oxbow from this period is situated north of the Jevišovka and Dyje rivers confl uence, in the southern stretch. Th e hydrological conditions of this section were changed by the digging of many irrigating and draining canals on both sides of the Dyje in 1990. As a result, the total river network density signifi cantly increased. In the same year, the creation of the Nové Mlýny water body determined the impoundment of the Dyje and, hence, a major increase in water-body surface. Th e increase in the total water body density in 1921-1952 was a result of the straightening of the Dyje. In 1952-1955 there was a decrease in total water body density, a consequence both of the natural silting up of the oxbows and of their artifi cial fi lling up. In total, the Dyje was shortened by approximately 5 km and its sinuosity decreased by about 0.5 (from 1.57 to 1.06). Th e course of the river channel thus changed from meandering (in the 1827-1852 period) through moderately sinuous (1876-1883) to slightly sinuous .
Th e land use changes in this section were dramatic as regards the categories of permanent grassland and arable land. While in the fi rst half of the researched period (1827-1952), the dominant land type was permanent grassland, which occupied more than 50% of the total area, the second half of the researched period was dominated by arable land. Th is change is very noticeable, especially in 1991-1992 and 2002-2006, when the proportion of permanent grassland dropped to 11-12% while that of arable land rose to 62-64%. However, these changes were not primarily the result of river engineering works, but of state agricultural policy after 1948.
Section 2 (Fig 3) was completely flooded when the Nové Mlýny water body was built. All wetland biotopes in it were thus destroyed and its hydrological conditions transformed. The only vestiges of the Dyje channel in this section are two oxbows near Dolní Věstonice village, in the middle part of the section.
The straightening of the Dyje channel resulted in an overall decrease in its length and sinuosity. In this section, however, the Dyje maintained a meandering pattern through all four periods preceding the construction of the Nové Mlýny water body. The increase in total water density in 1921-1952 was a result of river engineering works at the end of the 19 th and beginning of the 20 th century. The increase in water body surface in 1952-1955 was mainly a consequence of the restoration of the Strachotínský pond.
As far as land use is concerned, if we compare the first four periods, we can say that there were no significant changes in this section. Yet a slight decrease of permanent grassland in favour of arable land can be noted, especially along the Dyje and in the vicinity of settlements. Following the construction of the Nové Mlýny water body, recreational areas were created in the northern part of the section.
One of the most significant changes in Section 3 was the digging of a completely new channel for the Dyje and its embankment from Bulhary village to Janův castle (river km 33.5), in the middle stretch of the section, between 1975 and 1988. The maps (Fig 4) clearly show the effects of the dry periods that occurred at the end of the 19 th century and in the 1910s and '20s, when many streams and oxbows dried up and were used as meadows or pastures. This is especially evident along the left bank of the Dyje and in the southern part of the section. The situation changed during the 1930s-40s, when the groundwater supply of some oxbows, mainly along the right bank in the middle part of the section, between the villages of Lednice and Nejdek (river km 36-40), was renewed. examination of sinuosity in this section at diff erent periods clearly indicates that it was high in the fi rst two periods and subsequently decreased, to increase again in the 1950s. Th roughout all four periods, the Dyje maintained a meandering course. Th e last two periods are characterised by very low sinuosity as a consequence of river en- In Section 4, the areas along the left and right banks of the Dyje exhibit quite diff erent characteristics. Th e right bank area is characterised by high density of water streams (the Včelínek creek and its tributaries). Th e high dispersion of pools on this side of the river during the 1921-1952 period was probably a consequence of the dry spell of the 1910s-20s. Some pools were reconnected in the 1950s, but the biggest changes can be seen in the maps from 2002-2006, which show the eff ects of revitalization works undertaken from the 1990s onward. Th ere were hardly any oxbows or pools along the left bank of the Dyje at the end of the 19 th century. Th e only exceptions were a few oxbows south of the Dyje and its fl ood channel (river km 21) and along the left bank between river km 17 and 18. Th is situation lasted until the 1990s, when forest water channels and some oxbows were restored as part of revitalization works. Some oxbows were formed as early as the 1970s as a result of the cutting off of meanders during river engineering works. Th e Dyje shows an anastomosing pattern near Břeclav between 1827 and 1883. Its sinuosity reached a peak towards the end of this period. In terms of degrees of sinuosity, the Dyje channel shows a meandering pattern in the fi rst two periods (1827-1852; 1876-1883), and a moderately sinuous one throughout the 20 th century. decrease was a consequence of the expansion of Břeclav. River engineering works in this case did not signifi cantly infl uence ploughing of the fl oodplain, but they did aff ect the town's expansion, because they prevented the Dyje from inundating its surroundings. In the 1950s a new phenomenon manifested itself near Břeclav, viz., the foundation of garden colonies providing recreational areas for the city's inhabitants. In Section 5, the highest total river network density together with the highest sinuosity is observable during the 1827-1852 period. At this time the Dyje had an anastomosing pattern. Th e maps from 1876-1883 and 1921-1952 show that in those periods most of the forest water channels had dried out; only a few pools remained. As can be seen in the map, these pools were partly reconnected in the 1950s. Restoration of forest water channels in the 1990s led to an increase in total river network density. Also, new pools were created and some oxbows restored. In 1827-1852, the period of highest sinuosity, this Th is section is characterised by stable land use with more than 80% occupied by fl oodplain forest. Th is stability can be attributed to several factors: not very favourable hydrological and soil conditions for agriculture; relatively worsened accessibility from settlements; to some extent, its location at the border with Austria (which was closed during the Cold War); but, above all, economic considerations (higher yields from fl oodplain forests and meadows than from agricultural crops). 
Discussion
Throughout the 19 th and 20 th centuries, the water management of rivers and their floodplains was mainly carried out by means of technical adjustments, and its main purposes were the drainage of waterlogged soil and protection from floods. River engineering works narrowed down creek and river channels, replaced natural channels with artificial ones with simplified shapes, and eliminated cut-off meanders, oxbow lakes, pools, and swamps. Gradually, a growing awareness set in that such actions were unilateral and counterproductive from the standpoint of both landscape and water management. 20 This led to the undertaking of revitalization works or river restorations. Such works affect both the channel itself and the surrounding floodplain. They should be based on an understanding of the processes whereby biological communities are maintained, rather than being exclusively aimed at the improvement of channel conditions. They should be aimed at the reinstatement of natural flow regimes and flooding patterns, and the creation of floodplain water bodies and side channels. Such restoration would help the government to meet its obligations to wetland biodiversity, contribute to the management of pollution, mitigate the impact of flood and droughts, and provide opportunities for people to enjoy, and benefit from, rivers and their environs. 21 With revitalization works, it is necessary to pay attention not only to single problems caused by river regulation, i.e., to carry out single-purpose projects, but to take into account all aspects of a river or floodplain habitat. The artificial spring flooding of meadows and reconnection of cut-off meanders in Section 5 of the study area are clear examples of conflicts between different spheres of interest. In the first case, the flooding of the meadows was meant to favour fish spawning, but at the same time it endangered the bird populations that nested in the meadows. In the second case, the reconnection of the cut-off meanders was meant to restore the diversity of hydrological and physical characteristics of the straightened channel, but threatened, at the same time, the survival of the protected plant species and communities of algae and cynophytes that had developed in the meanders in the meantime. 22 Th ese two examples show that revitalization project should adopt an ecosystemic approach rather than focus exclusively on a particular species. Natural processes, like fl oods, invariably have both negative and positive consequences on individual plant and animal communities, and this is hence also true of revitalization works simulating particular natural processes and/ or infl uences.
As was mentioned earlier, old maps and aerial photographs are valuable sources for research on river channels and the spatial distribution of land use, because they are easily accessible and spaced out over time at intervals allowing the researcher to detect changes, fl uctuations and trends. However, the reliability of the results derived from maps and photographs depend on several factors, such as diffi culties in the interpretation of a map due to faded colours and hatches, the type of projection employed by a map, accuracy of mapping at a given period, and, to some extent, the accuracy of scanning and georeferencing, as well as the subjectivity of the interpreter of the map.
Conclusion
Th e aim of this article was to analyze the impact of engineering works carried out from the 19 th century onward on the Dyje fl oodplain, mainly as regards changes in the course of its bed, the cutting off of meanders, the forming of oxbow lakes, and changes in land
